Background An eight-item activity scale was recently developed and validated for use as a prognostic tool in clinical research in children and adolescents. It is unclear, however, if this brief questionnaire is predictive of quantitative metrics of physical activity and fitness. Questions/purposes The purposes of this study were to prospectively administer the Hospital for Special Surgery Pediatric Functional Activity Brief Scale to a large cohort of healthy adolescents to determine (1) if the activity scale exhibits any floor or ceiling effects; (2) if scores on the activity scale are correlated with standardized physical fitness metrics; and if so, (3) to determine the discrimination ability of the activity scale to differentiate between adolescents with healthy or unhealthy levels of aerobic capacity and calculate an appropriate cutoff value for its use as a screening tool. Methods One hundred eighty-two adolescents (mean, 15.3 years old) prospectively completed the activity scale and four standardized metrics of physical fitness: pushups, sit-ups, shuttle run exercise (Progressive Aerobic Cardiovascular Endurance Run), and calculated VO 2 -max. Age, sex, and body mass index were also recorded. Pearson correlations, regression analyses, and receiver operating characteristic analyses were used to evaluate activity scale performance. Results The activity scale did not exhibit any floor or ceiling effects. Pushups (q = 0.28), sit-ups (q = 0.23), performance on the Progressive Aerobic Cardiovascular Endurance Run (q = 0.44), and VO 2 -max (q = 0.43) were all positively correlated with the activity scale score (Pearson correlations, all p\0.001). Receiver operating characteristic analysis revealed that those with an activity score of B 14 were at higher risk of having low levels of aerobic capacity.
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Introduction
Activity level is known to be a key prognostic variable for active patients with musculoskeletal injuries, and until recently, there were no standardized, validated scales to assess physical activity in children and adolescents [2] . To that end, an eight-item activity scale was developed and validated (Hospital for Special Surgery Pediatric Functional Activity Brief Scale, Appendix 1) to fill this critical gap in the realm of pediatric sports medicine [2] . Whereas the original validation study was performed by comparing the activity scale with existing adult questionnaires and self-reported measures of activity, its implications in practical settings with respect to physical fitness remain unclear. Furthermore, like with any survey method, the activity scale questionnaire inherently depends on a reporter's ability to accurately interpret questions as well as to identify and categorize relevant activities [10] . Thus, validation of the activity scale with a standardized quantitative assessment of physical fitness would further establish its ability to objectively discriminate between children of varying activity levels.
FITNESSGRAM 1 (Human Kinetics, Champaign, IL, USA) is a series of assessments and corresponding webbased software tool designed to objectively and uniformly assess various components of physical fitness in children through age 17 years, including aerobic capacity, body composition, muscular strength, and endurance [9] . Rather than using normative-referenced standards to rank an individual among their peers, it uses criterion-referenced standards, which are less susceptible to the makeup of any one reference population [4, 9, [14] [15] [16] [17] . After development, these criterion-referenced standards are repeatedly evaluated, refined, and validated [14] , thus making it a fitness tool of choice for schools nationwide [13] .
The purpose of this study is to use FITNESSGRAM 1 testing to prospectively determine whether scores on the activity scale exhibit any floor or ceiling effects and explore whether activity scale scores are correlated with standardized strength and aerobic physical fitness metrics in a cohort of otherwise healthy high school students. If an association exists between the activity scale and VO 2 -max, a third objective is to determine the discrimination ability of the activity scale to differentiate between adolescents with healthy or unhealthy levels of aerobic capacity and calculate an appropriate cutoff value for its use as a screening tool.
Patients and Methods
This study was approved by the hospital's institutional review board as well as the school administration at the high school in which it was implemented. Consent of students and parents was obtained using routine school protocols. To protect the privacy of the students, only age, sex, body mass index, and grade level demographics were provided to the research team.
Subjects were recruited in a cross-sectional design from a single high school and considered for inclusion if they were enrolled in physical education. Of the 186 who met these inclusion criteria, four (2%) were excluded because they were medically excused from physical education during the time of the study, leaving 182 adolescents (66 boys, 116 girls) ages 14 to 17 years (mean, 15.3 years old) for prospective evaluation. No student refused to participate. In addition to completing the activity questionnaire, one of five trained physical education teachers assessed each student's performance on standardized metrics of physical fitness as part of their normal curriculum. These metrics included number of pushups, number of sit-ups, performance on a Progressive Aerobic Cardiovascular Endurance Run (PACER) timed 20-m shuttle run exercise, and FITNESSGRAM 1 -calculated VO 2 -max [4, 7, 9, 12] .
Testing of each performance metric was done uniformly per FITNESSGRAM 1 standardized protocols. Pushups were tested on a hard surface at a rate of 20 per minute until failure and counted only if the student performed a pushup from full extension to an elbow angle of 90°and back to full extension. Sit-ups were performed on a mat at a rate of 20 per minute until failure, two corrections for inadequate form, or after completing 75 repetitions. Adequate form for the sit-up test included keeping the student's knees bent and feet flat throughout the exercise with their arms by their side on the mat (rather than across the chest or behind the head). Sit-up range of motion started with the head touching the mat, curling up from the abdominals with the hands remaining on the floor, and gliding across the surface of the mat for a minimum of 4.5 inches of excursion. The PACER was performed by running back and forth across a 20-m distance at a specified pace that gets faster each minute until the student fails to complete the 20-m run in the specified pace time twice. VO 2 -max was calculated using a previously validated and crossvalidated FITNESSGRAM 1 regression model, taking into account physical performance, body metrics, age, and sex [7] .
Because age, sex, and body mass index were used in the original activity scale validation study for discriminant validity testing [2] , we hypothesized that all four physical fitness metrics would correlate with the activity scale, whereas age, sex, and body mass index would not.
To investigate for a clinically relevant activity score threshold, each subject's FITNESSGRAM 1 -calculated VO 2 -max was categorized with respect to an age-and sexspecific cutoff (Table 1 ). These healthy fitness zone values were established in a previous study of 1966 children by Welk et al. [16] in which each participant performed VO 2max testing and were also evaluated for the presence of metabolic syndrome markers (waist circumference, hypertension, low high-density lipoprotein cholesterol, hypertriglyceridemia, and elevated fasting glucose). These markers were used to define the presence or absence of metabolic syndrome based on pediatric criteria established by the International Diabetes Foundation as adapted from the National Cholesterol Education Program Adult Treatment Panel [6] . In the current study, receiver operating characteristic analyses were performed using activity score as a predictor variable and values of VO 2 -max either above or below the healthy fitness zone cutoff as the outcome variable, thus investigating for a threshold value of activity score that can provide clinical use as a screening tool for those children above or below their healthy fitness zone aerobic capacity.
Statistical Methods
Statistical analyses were performed by a member of the research team (PDF) with advanced training in epidemiology and biostatistics using SAS Version 9.3 software (SAS Institute, Inc, Cary, NC, USA). Descriptive statistics were used to evaluate the distribution of continuous data. Pearson correlation coefficients were used to assess for correlations between the brief activity scale and FIT-NESSGRAM 1 metrics. Unpaired Student's t-tests were used to evaluate for sex differences between the continuous variables, and linear regression analyses were used to investigate potential confounding variables. Receiver operating characteristic analysis was performed using a customized SAS macro to investigate potential activity scale thresholds that may be predictive of children with values of VO 2 -max at risk of metabolic syndrome. All analyses that generated p values were two-tailed and used p = 0.05 as the threshold for statistical significance.
Results
Mean activity score was 19.9 ± 7.4 (range, 0-30) ( Table 2 ). Based on criteria defining floor and ceiling effects as [ 15% of participants scoring the minimum or maximum score, respectively [8, 11] , there were no floor or ceiling effects observed in this cohort; 1.1% (two of 182) scored 0 points and 1.6% (three of 182) scored the maximum 30 points.
Pushups, sit-ups, 20-m PACER, and VO 2 -max were all positively correlated with scores on the brief activity scale (Pearson correlations, all p \ 0.001) but not with student age or body mass index (Table 3 ). Males scored 3 points higher than females on the activity scale, on average, when controlling for age and body mass index (linear regression analysis, p \ 0.001). Further investigation of sex as a potential confounder of the relationship between the activity score and physical fitness revealed no associations between sex and any of the four standardized physical fitness metrics (unpaired ttests, p [ 0.05 for all), thus excluding it as a confounding variable.
Receiver operating characteristic analysis ( Fig. 1 ) revealed that a brief activity scale score of B 14 predicted a VO 2 -max value corresponding to a range of those at risk of metabolic syndrome with a sensitivity of 83% and specificity of 57%. Area under the receiver operating characteristic curve was acceptable (AUC = 0.80) [1] .
Discussion
The goal of this study was to prospectively investigate whether scores on the Hospital for Special Surgery Pediatric Functional Activity Brief Scale exhibited any floor or ceiling effects and to determine if scores are correlated with standardized strength and aerobic physical fitness metrics in a cohort of otherwise healthy high school students. Furthermore, we sought to use receiver operating characteristic analysis to establish a clinically significant threshold for activity level in children. This study is the first to our knowledge to prospectively validate a musculoskeletal activity scale through comparison with standardized quantitative physical fitness assessments. The current study has shown the lack of floor and ceiling effects, significant positive correlations between activity score and four standardized physical fitness metrics, and discriminative ability for the scale to be used as a screening tool for detecting an unhealthy level of aerobic fitness. The current study has some limitations. Because this investigation was conducted at a single high school, generalizability may be limited. Validating a questionnaire as a screening test typically requires larger, more diverse study populations; however, this cross-sectional design allowed for the inclusion of subjects with a wide range of activity levels and physical fitness. This provides preliminary evidence for its use as a screening tool in addition to further validation as a quantification of physical activity. Also, as a result of unavoidable privacy policies at the high school, organized activity and sports participation information, race/ethnicity, and current medical problems were not collected. This information would have been helpful in further analyzing the relationship between activity score and physical fitness. Whereas knowing athletic participation and organized activities would have been helpful for further validation testing, it is unlikely that race/ethnicity would have any impact on physical activity scores. We can also be certain that the included subjects were healthy without any medical conditions that would have precluded activity at levels required by a high school physical education curriculum, thereby limiting the use of having further information on subjects' medical history. Finally, although the initial validation study included patients aged 10 to 18 years, this study was comprised of patients aged 14 to 17 years. Therefore, although the scale may be used to quantify activity in children aged 10 to 18 years, the results of the current study may only be applied to high school-aged adolescents.
The investigation for floor and ceiling effects of activity scale scores in this cohort revealed no such phenomenon. This confirms the findings of the original validation study [2] . Furthermore, in establishing a scale as a potential screening tool, it is vital for the scale to be free of floor and ceiling effects when applied to the target population. This indicates that the scale can appropriately measure activity along a broad range of levels, encompassing all of those present in the cohort of interest.
In the current study, activity scale scores were positively correlated with all four physical fitness metrics (pushups, sit-ups, performance on the 20-m PACER, and VO 2 -max) but not associated with age or body mass index, as expected. These results further validate this activity scale by comparing scores with a quantitative, standardized assessment of physical fitness as a secondary measure of physical activity rather than depending on a subject's unbiased ability to accurately interpret questions as well as identify and categorize relevant activities. By doing so, this establishes the scale's ability to discriminate between children of varying fitness levels. Such an analysis investigating convergent validity between a questionnaire-based activity scale and standardized quantitative physical fitness assessments has not heretofore been performed, to our knowledge. When demonstrating convergent validity, correlation coefficients in the 0.3 to 0.6 range indicate a clinically significant correlation. Because the correlation coefficient between the activity scale and the calculated VO 2 -max was in this range (q = 0.43), we continued with our analysis of the third research question to evaluate the discriminative capacity of the activity scale to predict age-and sex-normalized healthy or unhealthy levels of VO 2 -max.
Perhaps most importantly, in evaluating our third research question, the current study used receiver operating characteristic analysis to establish an activity score threshold that is predictive of VO 2 -max values that have been previously shown to be associated with children at risk of metabolic syndrome. This further establishes the Hospital for Special Surgery Pediatric Functional Activity Brief Scale as a useful tool that may also be used to screen for children with at-risk levels of aerobic physical fitness and thereby identify those who might benefit from early intervention. Although it is impossible to determine from the current study methodology whether increasing activity score would change the risk profile for metabolic syndrome in any one child, it is nonetheless a useful screening tool for identifying at-risk children with a sensitivity of 83% and a specificity of 57%. This high sensitivity is favorable because screening tests preferentially optimize sensitivity to rule out a given condition in the event of a negative test result [3, 5] . Given the rarity of at-risk FITNESSGRAM 1 -calculated VO 2 -max levels below the age-and sex-specific healthy fitness zones in this cohort (sample prevalence of 8%), this yields a negative predictive value (NPV) of 97.5% and a positive predictive value (PPV) of 14.4%. Therefore, although 14.4% of subjects with an activity score of B 14 actually exhibited at-risk aerobic fitness levels, those with an activity score [ 14 had a risk of only 2.5%. The Hospital for Special Surgery Pediatric Functional Activity Brief Scale is therefore a good screening test in ruling out an unhealthy level of aerobic fitness. Because sensitivity and specificity are inherent to a screening test, whereas PPV and NPV are dependent on disease prevalence in a population, these PPV and NPV values would vary in different cohorts based on prevalence of children with at-risk aerobic fitness levels, whereas the sensitivity and specificity should remain constant. To that end, if the prevalence of obesity and coexisting comorbid conditions increases, the NPV may decrease with a resultant increase in the PPV.
One unexpected finding was the statistically significant difference in activity scores between sexes. Although males had statistically higher activity scores, the 3-point difference is of unclear clinical and analytical significance. Clinically, it is not clear whether a 3-point difference between sexes is meaningful. Analytically, it was important to evaluate whether sex was a true confounding variable. This would allow for the determination of whether the scale is biased toward male responders (eg, a true confounder) or if male sex was in fact associated with higher activity level. Sex was evaluated and formally excluded as a confounder variable through regression analyses and lack of correlation with any physical fitness (outcome) variables. In fact, aggregate unpublished data obtained from the school indicated that a slightly higher proportion of males participate in organized sports; 62% of males and 59% of females are involved in any organized sport with males participating in 0.92 sports per student and females participating in 0.83 sports per student. This small difference in sports participation may account for our finding of males having modestly higher scores than females, on average, and that this sample is representative of the high school population, in which males are in fact slightly more active than females. In other words, sex was a marker for increased activity in this high school cohort rather than inherent bias in the scale.
In conclusion, the current study further validated the Hospital for Special Surgery Pediatric Functional Activity Brief Scale by showing the absence of floor and ceiling effects and revealed positive correlations with four uniformly measured quantitative physical fitness metrics. This study also determined that those with a score B 14 were more likely to have an at-risk aerobic capacity that fell in a range that has been previously shown to be associated with an elevated risk of metabolic syndrome. The use of this activity scale can help physicians treating adolescents to objectively quantify activity, screen for unhealthy activity levels, and aid in clinical research in sports medicine where activity level is a prognostic variable. Future research should determine a threshold for the minimally clinically important difference of the scale as well as expand the generalizability of these results by implementing the scale across larger populations of children and adolescents in a multicenter approach. This will provide further confirmation of the results of the current study as well as more robustly examine the scale's reliability and validity.
